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ABSTRACT 



This research investigated temporal ordering acuity 
in children, or the ability to perceive the first of an ordered pair 
of lights, or of a combined light and tone, when the interstimulus 
time interval within each pair became increasingly short in duration. 
Two group-related comparisons were made; (1) differences between 
slow-maturing and average kindergartners, and (2) differences between 
an educationally handicapped group deficient in language skills and 
two other groups, a normal third grade and a hyperactive EH group. In 
addition, task-wise correlations measured relationships of task 
performance within groups. Results indicated that significant 
differences were apparent in all tasks when the two kindergarten 
samples were compared; and that the slow EH group was significantly 
deficient in auditory and cross-modal tasks, correlation measures 
suggested that; (1) Poor auditory processing and deficient 
inter sensory functioning are correlated in slow— maturing 
kindergartners and the slow EH group; (2) Visual acuity is not 
necessarily affected by deficiencies in auditory or cross-modal 
areas* and (3) Auditory and visual acuity are similar kinds of 
capabilities for normal populations and for the hyperactive EH group 
who are adequate in language processing skills. The present 
experiment showed that a relationship exists between cognitive 



development and perceptual acuity in kindergarten, (Author/CK) 
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Abstract. 



PERCEIVED ORDER OF AUDITORY AND VISUAL STIMULI IN CHILDREN 

Helen S, Schevill 
Institute of Medical Sciences 
Pacific Medical Center 
San Francisco, California 



1 , Abstract 

Purpose : This research investigated temporal ordering 

acuity in children, or the ability to perceive the first of an 
ordered pair of lights, of tones, or of a combined light and 
tone, when the interstimulus time interval within each pair 
became increasingly short in duration. 

Methodology s Two group-related comparisons were madei 
(1) differences between slow-maturing and average kinder- 
gartners? (2) differences between an educationally handicapped 
group deficient in language skills and two other groups, a 
normal third grade and a hyperactive EH group. In addition, 
task— wise correlations measured relationships of task perform- 
ance within groups , 

Results : Results indicated that significant differ- 

ences were apparent in all tasks when the two kindergarten 
samples were compared? and that the slow EH group was signifi- 
cantly deficient in auditory and cross-modal tasks. Correlation 
measures suggested that (1) poor auditory processing and 
deficient intersensory functioning are correlated in slow- 
maturing kindergartners and the slow EH group? (2) visual acuity 
is not necessarily affected by deficiencies in auditory or 
cross— modal areas? and (3) auditory and visual acuity are 
similar kinds of capabilities for normal populations and for 
the hyperactive EH group who are adequate in language process- 
ing skills. 

Educational Significance ? The present experiment 
showed that a relationship exists between cognitive development 
and perceptual acuity in kindergarten. Unfortunately, many 
slow kindergartners are not ready to learn to read because of 
their undeveloped cognitive and perceptual processes which 
hinder them in grasping the meaning of successive events or 
of encoding them. For slow EH children between 8 and 10 years 
of age, the cognitive, motor and perceptual processes appear to 
have an uneven development, whereas the pattern of development 
for the slow kindergartners is more consistently low. 
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PERCEIVED ORDER OF AUDITORY AND VISUAL STIMULI 



CHAPTER I 



INTRODUCTION 



Comparatively little attention has been directed to 
children's time-ordering skills of auditory and visual stimuli. 
While language and intellectual development, as well as inter- 
sensory integration have been considered to be of primary 
importance in young children's ability to learn school tasks, 
one other skill is also basic to their perceptual and cogni- 
tive functioning; their acuity in identifying the temporal 
order of successive auditory or visual stimuli. indeed, 
without this basic ability, children would be unable to retain 
and organize perceptually-received information in the correct 
temporal order. Not only must the child be able to register 
an event and to identify its nature; he must also be able to 
delineate its relationship with another event. The rapidity 
with which he can perform such a skill is a valid problem in 
learning and instruction, and may be a reflection of how 
effectively his perceptual and cognitive processes function 
when comprehending complex symbolic stimuli. 

The Problem 



The purpose of this study was to examine school chil- 
dren's time-ordering skills with a pair of high and low pitch 
tones, a pair of red and green lights, or a pair consisting of 
a sound and a light, that is, the manner in which they could 
perceive and identify what followed what when the members of 
a given pair occurred rapidly. The term acuity in identifying 
temporal order refers in the present study to the minimum 
inters timulus interval between two successive stimuli in tasks 
where the child is able to delineate the first of two succes- 
sive stimulus signals (red or green light for the visual pairs, 
a high or low pitch tone for the auditory pair, or a light or 
a tone for the combined modality pair) . 
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Previous studies have suggested that aphasia patients 
with known lesions in the hemisphere commonly used for language 
processing not only have definite deficiencies in receptive and 
expressive language; they also are significantly slower than 
normal subjects in their acuity of identifying which of two 
tones occurs first (Holmes, 1965; Efron, 1963) . 

If differences are known to occur in ordering skills of 
high and low pitch tones when the functioning in the "language" 
hemisphere of the brain is acutely abnormal (as in aphasias) , 
do differences also appear to a lesser degree when cerebral 
functioning is undeveloped? The term "undeveloped" in this 
sense refers to sensory and cognitive immaturity in a normal 
young child of kindergarten age, or to a minor cerebral dys- 
function in an educationally handicapped child approximately 
nine years of age. 

Two problems were pertinent to the present study. The 
first considered differences in behavior between s low— maturing 
and average kindergartners from a normal population. The 
second question considered differences in behavior between 
older subjects, approximately nine years of age, who had 
known dysfunctions in auditory— language processing, and normal 
subjects attending the regular classroom. 

More specifically, in reference to the first question, 
the purpose was to analyze and compare one aspect of kinder- 
gartners * sensory and cognitive development. Up to the first 
grade, some children are slower in their motor development, 
and may have difficulty in skipping, hopping, and articulating 
words. Others may have difficulty in ordering sounds or words 
without reversals. Still others may be slow in integrating 
events in one modality with symbols in another (as, for example, 
relating a visual symbol with a specific sound, or vice versa) . 
Finally, others are deficient in language skills, due to 
environmental language deprivation. The first problem, then, 
was to see if differences also occurred between slow-maturing 
and average kindergartners in their ability to designate which 
of an ordered pair of nonverbal stimuli occurred first. That 
is, would deficits in temporal ordering acuity show up from a 
maturation standpoint in the crucial period just before the 
child enters the first grade? Would children who appear to be 
immature in copying skills, in "draw a man" conceptualization, 
and in general cognitive development related to language 
concepts also be deficient in the perceptual skills required 
in the nonverbal tasks of this experiment? 

The second focus of this study concerned educationally 
handicapped children, or those with "learning disabilities." 
Here, the aim was to determine relationships in the specified 
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tasks between educationally handicapped children (with known 
deficits in auditory— language skills) and a normal group of 
children of comparable age levels. In this connection, the 
primary goal was to specify the nature of performance between 
the two groups of children, in order to determine if minor 
cerebral deficiencies affecting language skills in education- 
ally handicapped children affected their acuity in perceiving 
and ordering pairs of nonverbal stimuli. 

With both the slow-maturing kindergarten group and 
the educationally handicapped sample with auditory-language 
problems, the intent was also to investigate task-related 
differences s if these children were particularly deficient 
in ordering a pair of sounds, when this task was compared to 
that of ordering a pair of lights. 



Hypotheses 



The present study was concerned with three major 
hypotheses : 



1. Slow-maturing kindergartners when compared to 
average kindergartners will be significantly 
deficient in the ability to order in quick 
succession pairs of lights, tones, or a tone 
and a light. 

2. Educationally handicapped children with problems 
in auditory- language areas will be significantly 
deficient in the ability to order tones in quick 
succession when compared to a normal population 
of comparable age. 



3. The auditory task will be more difficult than 
the visual for the two slow-maturing groups 
(kindergarten and educationally handicapped) 
but not for the average groups „ 

In addition, correlation measures were sought between 
tasks: auditory and visual, auditory and cross— modal, and 

visual and cross— modal, in order to find the extent to which 
underlying tendencies and relationships were present for 
average-performing and slow-maturing populations. 
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CHAPTER II 



RELATED RESEARCH 



Neurological Implications 



Temporal judgment, which is the judgment of serial 
order, requires that a subject be able to designate which 
of two successive stimuli comes first. Hirsh (1959) found 
that normal adult subjects trained to perform the task could 
make such a judgment equally well for visual and auditory 
stimuli. He hypothesized that temporal ordering judgments 
derived from a central processing ability in the brain. 

Efron, a neurologist, was faced with the problem that 
many of his aphasic patients with known lesions in the temporal 
lobe of the dominant hemisphere (the "language" area of the 
brain) could not understand speech, and were deficient in 
sequencing ability. while the normal adult requires around 
60 msec, to separate sounds and give a correct report of 
which one occurs first, Efron found that his aphasic patients 
required as much as a second between two brief 10 msec, sounds 
of very different frequencies before they could identify 
correctly the temporal order (Efron, 1963) . Similar experi- 
ments have been made on aphasics by Edwards and Auger (1965), 
Holmes (1965), and Lowe and Campbell (1963); in each case, it 
was found that aphasics as a group were significantly defi- 
cient in auditory sequencing. 

It should be qualified here that mention of these 
neuro logically oriented research studies with abnormal 
patients in no way implies that any of the educationally 
handicapped subjects in the present study may have a lesion 
in any one area of one particular cortical hemisphere, or, 
for that matter, be aphasic. Such is clearly not the case, 
and such hypotheses would have no solid foundation at all. 

What these related research studies provide is circumstantial 
evidence that deficiencies in certain kinds of nonverbal 
patterning tasks are correlated with disturbances in the 
dominant ( " language" ) hemisphere of the brain in aphasic 
patients. The implication is that these same tasks may also 
be correlated with certain types of slow maturational devel- 
opment in children. However, even at the present time, very 
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little is understood regarding the underlying physiological 
mechanisms dealing with sequential patterns in humans. 

The ability to discriminate single pitch tones has 
been analyzed as a peripheral sensory function, dex'iving from 
lower cortical areas (Whitfield,. 1967) . However, the ability 
to analyze the temporal order of two tones is a higher-level 
intellectual act, presumably involving the higher cortical 
brain processes and language (cf . Lashley, 1951; Hirsh, 1959) . 
A parallel can be made in psychological and operational terms. 
If a child can discriminate and match one pitch sound sepa- 
rately, and then another sound after the first one has been 
identified, this is a lower-level discriminatory process. If, 
however, he can analyze the two tones consecutively sounded 
in terms of their serial order, then this is a higher— level 
intellectual skill. In language the same parallel can be 
made. If the child recognizes phoneme by phoneme at a given 
instant, the single stimulus standing by itself has little 
meaning and no sense of pattern. However, if he can connect 
and interpret the meaning of consecutive phonemes, he is now 
comprehending a pattern and the relationship of its components 
This is a higher-level intellectual skill, and involves 
higher— level cortical functioning (Luria, 1966). 



Auditory Discrimination as a Factor 
in Reading Ability 



A study of the literature of poor reading in the early 
grades indicates that poor auditory discrimination and reading 
retardation go hand— in— hand , De Hirsch and Jansky (1968) 
found this to be true with reading disabilities; Deutsch 
speaks of such a correlation among the culturally deprived 
(1964) ; and Wepman (1960) found that more than a fourth of 
the non— readers in the first grade were inadequate in audi- 
tory discrimination. In each case, the term "auditory 
discrimination" was not used in reference to pairs of pitch 
tones as in the present study, but in reference to digit span 
memory and verbal sounds . 






Speech as a Factor in Developing the Child's 
Perceptual and Cognitive Processes 



The Russian psychologist Leont'yev (1969) has hypothe- 
sized that the discrimination between speech sounds or between 
musical tones, which appears to be an elementary kind of 
capability at first glance, is formed through environmental 
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influences as the child acquires language or reproduces 
music (p, 429), Luria (1959), another Russian psychologist, 
also stresses the importance of speech in developing the 
child's general perceptual and cognitive processes. He writes 

The fact that the word is included in the context of 
nearly all basic forms of human activity, that it 
participates in the formation of perception and memory 
in stimulus and action, permits a new approach to an 
important region of mental activity. (p, 14) 

Luria wrote of research in the Soviet Union "which showed 
convincingly not only that the word is gradually excluded 
from other complexes perceived by the child, but also the 
decisively important fact that, under its influence, the 
young child's perception and memory acquire new features* 
by allowing him to distinguish the essential features of an 
object the word makes his perception of objects generalized 
and constant and creates new possibilities for the develop- 
ment of coherent, differentiated memory" (1959, p. 17) . 

In short, educational and psychological research 
studies cited suggest that lack of development of the speech 
processes in the early years of a child's life may be corre- 
lated with lack of development of perception and also of 
auditory discrimination. 

Pitch Discrimination versus Color Discrimination 
Developmental Consideration 



From a developmental standpoint it has been found that 
color discrimination in children develops at an early age with 
little training, whereas pitch discrimination develops at a 
later age and is more subject to instruction and maturation 
factors (cf. Wohlwill, 1960? Petzold, 1966* Schevill, 1969). 
Therefore, it would be expected that young children, having 
seen the red and green colors used in the present experiment 
many times in everyday experience, would be more adept at 
perceiving their temporal order than they would be at perceiv- 
ing successive high and low pitch tones. in order that young 
children recognize high and low pitch tones at all, they must 
be classified by association with a specific color, spatial 
position, or label. Jeffrey (1958) found the spatial method 
successful with preschool children of associating one end of 
a piano keyboard with a high tone, and the other end with a 
low tone. The verbal labels of "high" and "low" are too 
sophisticated a concept for young children. McGinnis (1928) 
found that such labels as "Daddy Bear" for the low tone and 



"Baby Bear" for the high tone could help preschool children 
to identify the respective tones . 

In sum, then, related research suggests that the 
present study is dealing with a higher-level cortical function 
and intellectual skill in the task of making a choice of the 
serial order of two consecutive visual or auditory stimuli. 
What is implied in the literature is that for successful 
performance not only the element of discrimination is impor- 
tant, but also the level of ability in auditory- language 
processing. This has not been investigated in children with 
reference to temporal ordering skills of lights or of pitch 
tones. What was needed was a systematic analysis and compari- 
son of various populations of young children in the three 
tasks of auditory, visual, and combined auditory-visual serial 
ordering. To these ends, therefore, the present research was 
developed . 
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CHAPTER III 



PROCEDURE 



The sample for the present research included a total 
of 124 subjects from five groups of children: 

30 average kindergartners 

32 slow-maturing kindergartners 

30 normal third graders 

22 educationally handicapped children between the 
ages of 8 and 10-1/2 with auditory— language 
problems (slow EH group) 

10 hyperactive educationally handicapped children 
without auditory-language problems (hyperactive 
EH group) 

The present research was conceived as an Intensive 
study of the sensory behavior of these populations. The 
assumptions were that significant differences would occur in 
acuity of serial ordering skills between the slow-maturing 
and average kindergarten groups? and, again, between the 
slow EH group and the normal third grade. In task— wise 
comparisons, the hypothesis was that there would be extremely 
low correlation between the auditory and visual tasks within 
the slow kindergarten group and the slow EH group, but not 
within the other groups. The hyperactive educationally handi- 
capped group (N=10) was used as a small control sample in 
comparison with the EH group with auditory-language problems 
and also with the normal third graders. No hypotheses were 
made about this hyperactive EH group. 

All the kindergarten subjects and third grade subjects 
were selected from schools in the Mount Diablo School District 
West Pittsburg, California, The specified schools for all but 
the EH population were in the River Compensatory Area , a 
depressed area federally funded by a Title I project. This 
area was selected for the present research for two reasons: 
because of the significant proportion of children who were 
considered "slow maturing" at kindergarten age, and because 
of the exceedingly rich data available on every child in the 



